In this paper, the reliability of transients due to pump trip as a powerful tool for the pre-localization of anomalies in real pipe systems is tested. The examined pipe system is part of the one supplying the 
INTRODUCTION

INVESTIGATED PIPE SYSTEM
Field tests are executed in a part of the WDS of Milan, Italy, managed by MM (Figure 1 ). All supplied water is pumped from the aquifers by 29 pumping stations. Each pumping station supplies a part of the Milan WDS, with some users very close to it. As a consequence, the rising mains cannot be considered as a classical TM because of the numerous branches connected to them.
The examined steel pipe system is supplied by the Novara pumping station (Figure 2 ). The four pumps convey water from the tanks into the system at a rated capacity of 400 L/s each; the check valves are installed immediately downstream of the pumping group. The complexity of the system is clearly shown in Figure 3 where the main pipe is highlighted by a bold line and the main connections as well as the pumping station node are numbered.
For the sake of clarity, in Figure 4 and Table 1 
METHODS
Each step of the proposed methodology is reported in the flow chart in Figure 6 . A preliminary network survey allows evaluation of the pressure wave speed, α, of all pipes of the system on the basis of their geometrical and mechanical characteristics.
A different procedure is used to obtain more reliable values of α, for the pipes closest to the measurement section and the others, respectively. The first ones are given by the analysis of H E by the wavelet transform (WT), which allows singularities to be detected (Mallat & Zhong ; Mallat & Hwang ; Ferrante et al. b) ; for pipes installed at a larger distance an ad hoc optimization procedure has been followed, based on a micro GA. In both cases, a LM is run to capture the main characteristics of the pressure signal and evaluate 2 (during such a test, the DN500 and DN300 pipes connected to the main pipe at junctions 2 and 6, respectively, have been temporarily closed). 
RESULTS
Test no. 1
For each discontinuity in H E (Figure 7(a) 
Test no. 2
During test no. 2, connections 2 and 6 are closed (Figure 4(b) ).
As is predictable, the steady-state pressure is higher than during test no. 1 ( Figure 5 means that the better the agreement, the better the evaluation of pressure wave travel time and then α. In the optimization process, the Nash-Sutcliffe model efficiency coefficient, E f , is used:
with M ¼ number of samples after the end of the maneuver, and T ¼ maneuver duration. E f can range from À∞ coefficients (¼4 at the highest scale) if compared with the WT coefficients related to the discontinuity due to junction 9 (¼1.9 at the highest scale). Owing to the characteristics of such a discontinuity, it could be due to: an unknown increase of pipe diameter or change of pipe material, presence of a junction or a leak. According to the pipe system characteristics, the possible locations of such an anomaly are six. As can be seen in Figure 12 , where such locations are indicated by circles, the area to be investigated concerns a total length equal to 816 m. It is worth noting that such an area is placed at a distance of about 4,960 m from the unique measurement section. The question -i.e., where the real anomaly is located -has been settled by MM, who repaired some leaks in one of the locations evidenced in Figure 12 
CONCLUSIONS
In this paper the possibility of using transients to check the performance of a complex transmission-distribution system is explored. As indicated in Figure 6 , in the proposed procedure, the pressure signal acquired at one measurement section is preliminarily analyzed by means of the WT to locate the main singularities and the pressure wave speeds of the main pipes. Then, a LM is carried out in order to evaluate the causes of experimental pressure waves.
The proposed procedure is applied to a northwest part of Milan WDS supplied by the Novara pumping station.
Transients are generated by a pump trip. A preliminary
test is carried out to analyze the characteristics of the maneuver and the system. Then, a further test is executed on a simplified system and the acquired pressure signal is analyzed by the WT, which allows evaluation of the main pipe pressure wave speed. In order to calculate the other 
